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1 
INTRODUCTION 
This work represents an effort to charaeteri~e on a cellular level 
the structural rearrangement which the adrenal gland undergoes sub-
sequent to autotransplantation. There is known to be a resumption of 
function concomitant with the resumption of form during the regenera-
tion of adrenocortical tissue (Komrad and wyman, 1950, 1951). Attempts 
were made, therefore, to correlate the cytological characteristics of 
the developing cortical parenchyma with the development of the ability 
to elaborate adrenocortical secretion. X-irradiation was used as a 
tool to clarify the relationship which exists between cellular appear-
ance and cellular function during regeneration of the adrenal gland. 
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REVIEW OF THE LITERATURE 
I REGENERATION AS A BIOLOGICAL PHENCMENON 
Growth by intussusception and the ability ·.to reproduce are basic 
biological properties manifested during mitosis, meiosis, hypertrophy, 
hyperplasia and differentiation. These processes contribute to the 
·. 
increase in size and attainment of maturity of each individual and 
serve to maintain, through cellular regeneration and repair, the 
tissues and organs of the adult organism. Regeneration and repair are 
biological events which occur to a greater or lesser degree in all 
tissues of all organisms and which maintain the status quo of adult 
life for a characteristic length of time. 
Variations in regenerative capacity exist among different tissues 
of the same organism and among the same tissues of different animal 
classes. Anderson (1948) has summarized the differences in mammalian 
tissues in the following manners supporting tissues regenerate well; 
fibrocytes, osteoblasts and chondroblasts give rise to connective 
tissue, bone and cartilage respectively; epithelium regenerates well; 
capillary endothelium gives rise to new blood vessels; the glandular 
epithelia of kidney, liver and gastrointestinal mucosal glands re-
generate easily and the epithelia of epidermis,- mammary glands and 
uterine mucosal glands undergo cyclic regenerative Changes. Striated, 
smooth and cardiac muscle regenerate poorly and scar tissue generally 
replaces damaged muscle. Nerve cells cannot diVide, although nerve 
fibers can be replaced if the cell still lives. Nerve cells are re-
placed by neuroglia if there is extensive damage to nervous tissue. 
Anderson (1948) states that generally the histologic appearance 
of regenerating tissue is always the same: 
"New cells always arise from pre-existing cells which 
retain the ability to revert to embryonal appearance and 
functions; they enlarge, round up and undergo cell division 
until lost tissue has been replaced". 
Caspersson's (1950) recent studies of regenerating liver cells and 
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rapidly growing embryonic tissues can be cited to supplement Anderson's 
description. He states that during increased cytoplasmic synthesis 
concomitant with growth and regeneration there is an increase in nu-
cleolar mass and nucleolar nucleoprotein content which is detectable 
with routine histological staining. 
Phylogenetic and ontogenetic variations in regenerative capacities 
of tissues have been studied and reviewed by Loeb (1945 ). Tissues 
which are highly differentiated and specialized possess what Loeb calls 
a high "tissue fixity" and have lost the ability to regenerate, whereas 
less differentiated cells retain their regenerative powers. Similarly, 
very primitive animals possess a small degree of tissue and organ fixity 
and can repair extensive bodily damage with great ease whereas animals 
higher on the evolutionary scale can replace fewer portions of their 
bodies which suffer damage. 
The evidence which supports these generalizations was gathered 
from studies in which transplantation was used as a biological tool. 
Transplantation of adult and embryonic tissues has been carried out in 
almost every animal group from Protozoa to Mammalia. The varieties of 
transplantation relationships have been classified by Loeb (1945) and 
this classification is based upon the concept of biological indivi -
duality with which Loeb's name is linked: 
"There is inherent in every higher individual organism 
something which differentiates him from every other individual 
••• a characteristic common to all parts of an organism which 
differs from the analogous characteristic of another organism 
••• we designate this characteristic as the 'individuality 
differential'"• 
Transplants are grouped as follows. 
1. Autotransplants; donor and host are the same individual. 
2. Syngenesiotransplants (isotransplants); donor and host are 
very closely related members of the same species, for 
example, littermates or identical twins. 
3. Homotransplants; donor and host are unrelated members of the 
same species. 
4. Heterotransplants; donor and host are members of different 
species. 
Auto- and isotransplants are most successful; homo- and hetero-
transplants are less successful. 
Recently Longmire (1953) extended this terminology to include 
certain homograft characteristics. He classified as "homostatic" 
those homografts which merely serve as a scaffolding upon which the 
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host builds new tissue in the form of the graft. This term applies to 
grafts of bone, cartilage and large segments of blood vessels. He 
termed "homovitall' those grafts which became vascularized and regenerated 
to form a new adult organ; this applies to kidney, skin and endocrine 
organs. The logic of this classification leads me to suggest that 
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"autovital", "autostatic", 11heterovital", and 11heterostatic11 are all le-
gitimate terms. 
Experimental endocrinology began with a homovital transplantation 
when Berthold (1849) transplanted testis to castrated roosters and de-
monstrated alleviation of the castration syndrome. Since then one of 
the criteria for determining the endocrine nature of a gland has been 
whether or not transplantation of the gland in question alleviates the 
symptoms which arise following removal of the gland. Transplantation of 
endocrine glands has shown that Halstead's "law of deficiency" (1909) is 
followed, that is, that a deficiency of an endocrine principle must 
exist in an animal before that endocrine organ can be transplanted 
successfully. Endocrine transplants possess strong individuality dif-
ferentials and thus hetero-, homo- and autotransplants are increasingly 
successful. In summary, under the proper conditions, endocrine tissue 
is transplantable; it has the ability to establish a new blood supply in 
a new site, to grow and to secrete. Adrenocortical tissue is no 
exception. 
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II ADRENAL TRANSPLANTATION 
Reports of successful adrenocortical transplants appear in the 
literature as early as 1898 (Poll) and 1908 (Busch~ !1) but the re-
ports of Jaffe and Plavska (1926) and Jaffe (1927) are generally con-
sidered as the first conclusive demonstrations of successful take and 
subsequent functioning of adrenocortical grafts inrats and guinea 
pigs. They removed both adrenals, bisected or quartered them in 
sterile physiological saline, and placed them into pockets between 
fascia and abdominal muscle or in muscle itself. This technique, with 
slight modifications, has been used since then with repeated success 
by several workers (Wyman and Walker, 1929; Wyman and tum Suden, 1932, 
1931; Ingle and Higgins, 1938, 1939; Pencharz and Olmstead, 1930). 
A compatible adrenal transplant will grow practically anywhere in 
an adrenalectomized animal and various sites have been used for 
different purposes. The ear of the rat (Kroc, 1942), the anterior 
chamber of the rat's eye (Turner, 1939) and the transparent chamber in 
the rabbit's ear (Williams, 1945; Hou, 1929) have been used to 
facilitate observation of growth and vascularity. The spleen and liver 
were used in order to study hepatic portal drainage and liver steroid 
degradation (Butcher, 1948; Bernstein, 1950, 1950aj. Female genital 
tract and uterus were used to study the local estrogenic action of 
adrenal steroids (Leroy, 1950; Weinstein, 1950). Dorsal musculature 
has been used due to its high vascularity and convenience to the 
operative site (Wyman and tum Suden, 1937). 
Geiringer (1954) has published a very extensive bibliography of 
adrenal transplantation which is supplemented by a list of the animals 
and sites utilized. Adrenals have been auto-, homo- and heterotrans-
planted in cats, dogs, frogs, guinea pigs, mice, rabbits and rats and 
the brain, ear, e,ye, kidney, liver, spleen, portal tract, lymph sacs, 
muscles, nerves, ovary, peritoneUm, seminal vesicle, skin, testis, 
thyroid, uterus and subdural space have been used as transplantation 
sites. 
Enucleation of the adrenal gland has often been used as a sub-
stitute for transplantation in studies of adrenocortical regeneration 
(Evans, 1936; Ingle and Higgins, 1938; Baker and Bailif~, 1939; 
Brownell, 1950). Enucleation, or demedullation, consists of grasping 
the pedicle of the gland, cutting off a small portion of one pole of 
the gland, expressing the contents between forceps and letting the 
enucleated capsule sink back into the abdominal cavity with vascular 
connections intact. Regeneration from an enucleate begins after three 
days and is essentially complete by thirty days (Ingle and Higgins, 
1938; Baker and Bailiff, 1939). Wyman and tum Suden (1932) state that 
regeneration from a transplant is essentially ·eomplete at ninety days. 
This indicates that enucleates regenerate faster than transplants and 
this is probably related to the lesser degree of trauma during 
enucleation. 
7 
The physiological control of adrenocortical transplant growth has 
been carefully studied by Wyman and tum Suden (1932, 1937) and Ingle 
and Higgins (1938, 1939). Their results are in general agreement and 
several general principles have recently been summarized b,y Ingle (1951), 
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who states, "regeneration of the adrenal cortex is related to a physio-
logical need for the cortical hormones and is controlled specifically 
by the adrenotropic hormone (ACTH) of the anterior pituitary." The 
evidence for this is twofold. First, if one adrenal is enucleated (or 
transplanted) and if the contralateral gland is removed, there is rapid 
regeneration from the enucleate (or transplant). This regeneration can 
be suppressed by administration of large amounts of cortical extract, 
leaving the contralateral gland intact, hypophysectomizing prior to 
enucleation, and hypophysectomizing following enucleation. Secondly, 
regeneration of an enucleate can be stimulated even in the presence of 
an intact contralateral gland by the continuous intravenous administra-
tion of ACTH. 
It is of historic interest to point out that Halstead's law of 
deficien~ (1909) was recognized as early as 1937 by wyman and tum 
Suden to be a superficial explanation of adrenocortical growth. They 
stated that the availability of circulating ACTH controls growth and 
suggested, therefore, "that the 'law of deficiency 1 as heretofore 
stated does not exactly apply to suprarenal transplants, but that the 
reason for failure of growth in the presence of already functioning 
self-tissue is that the available adrenotcpic hormone is being used up 
in the maintenance of that tissue" (Wyman and tum Suden, 1937). 
The resumption of function by adrenocortical transplants was 
measured by Komrad and Wyman (1950, 1951) utilizing histamine tolerance, 
response to cold and response to water intoxication as stress tests. 
Calculations of the LD-50 of histamine at regular intervals subsequent 
to transplantation indicated that transplants regained functional 
ability progressively up to ten days post-transplantation but did not 
increase in functional capacity after that time. The quantity of 
hormone secreted at ten days and thereafter is apparently sufficient 
both to support the animals' daily needs and to meet the severe re-
quirements of acute histamine stress. However, animals with adrenal 
autotransplants never recover completely normal resistance to these 
experimental stresses. 
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III ADRENOCORTICAL CYTOOENESIS 
The double nature of the adrenal gland is clearly apparent from 
its evolutionary development. Chromaffin tissue occurs alone in some 
invertebrates but the cyclostomes are the lowest group in which both 
interrenal tissue and chromaffin tissue appear together. These two 
ductless glands remain separate in elasmobranchs and higher fishes but 
undergo admixture and fusion in amphibia. The fusion and integration 
of the two tissues continues in reptiles and birds and is most com-
plete in mammals, where the chromaffin tissue is completely centralized 
as the adrenal medulla, and the interrenal tissue forms an encaP-
sulating adrenal cortex. This phylogenetic sequence is beautifully 
recapitulated during mammalian ontogeny. A suprarenal primordium 
arises fro. splanchnic mesoderm at the base of the dorsal mesentery 
near the cephalic pole of the mesonephros, and proliferation of cords 
of cortical tissue ensues shortly afterwards. Chromaffin tissue 
arises from the neural ectodenn of the primitive sympathetic nervous 
system and migrates ventrally towards the cortical mass, penetrating 
it and forming a complete medulla at or shortly following the time of 
birth. These events occur quite similarly in man, mouse and rat 
(Hartman and Brownell, 1949; Patten, 1946). 
The human adrenal cortex at birth consists of two separate cor-
tices; a large central "fetal" cortex destined to degenerate within 
twelve months, and small peripheral 11definitive 11 cortex destined to 
regenerate and replace the inner zones (Keene and Hewer, 1927). The 
definitive cortex at birth is mostly zona glomerulosa and regenera-
tion from it proceeds very slowly; the three adult zones, glomerulosa, 
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fascicul ata and reticularis are not fully established in the human 
being until the third post-natal year (Patten, 1946; Maximow and Bloom, 
1948). The extensive degeneration of the fetal cortex at birth causes 
a loss of adrenal weight which is not f ully regained until the twelfth 
to fourteenth year of life (Scammon, 1926). 
An "X-zone," comparable to the fetal cortex of man, has been de-
scribed in the mouse and rat. Present at birth, the X-zone degenerates 
between six weeks (male mice) and three months (female mice). Invo-
lution of the X-zone, or "juvenile cortex," is hastened by the admi ni-
stration of male sex hormone and its persistence is prolonged by bi -
lateral orchidectomy. These facts are the basis of the belief that the 
X-zone secretes andorgens (Burril, 1941; Howard, 1941; McPhail and 
Read, 1942; Turner, 1948). 
The cytological characteristics of post-natal adrenocortical de-
velopment have been studied in man b.1 Jaffe (1927), and in rats by 
Mitchell (1948) and Van Dorp and Deane (1950). These inves~igators 
agree that the highest mitotic counts during post-natal development 
occur in the zona glomerulosa and that all cortical tissue is re-
placed by proliferation from this zone. These observations are im-
portant since the adrenal cortex is assumed by many to undergo a 
cyclic cellular reorganization during adult life with capsular con-
nective tissue serving as a source of cortical tissue. 
The concept of cellular migration through the adrenal cortex was 
first postulated by Gottschau (1883) and was supported by Hoerr (1931, 
1936). Hoerr found many mitoses at the glomerulosa-fascieulata junction 
and a constant degeneration of cells in the zona reticularis, conditions 
which would naturally be present if migration were occurring. A view 
that is associated with the migration concept, although separate and 
of more recent origin, is the view that undifferentiated connective 
tissue cells of the capsule become progressively transformed into 
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lipoid containing cells and move inwards, consecutively functioning as 
zona glomerulosa and zona fascieulata cells and degen.erating in the 
zona reticularis (Zwemer, 1936; Zwemer, Wotton and Norkus, 1938; 
Wotton and Zwemer, 1943). Salmon and Zwemer (1941) used intravenously 
injected trypan blue as a vital dye to mark capsule cells They re-
ported that this method allowed them to observe centripetal migration 
and to calculate that the total "travel-time" from capsule to re-
ticularis was 38-48 d~s. Baxter (1946) severely criticized this work 
because the adrenocortical cells deep within the cortex could themselves 
ingest trypan blue from the circulation at the concentrations used by 
Salmon and Zwemer. The travel time suggested by Salmon and Zwemer seems 
unusually high in view of the fact that during regeneration from an 
enucleated gland or an adrenocortical transplant, where the stimulus to 
produce new cortical tissue is far greater than in an intact animal, the 
total travel-time or time to establish three zones is thirty to ninety 
days (Wyman and tum Suden, 1932; Ingle and Higgins, 1938). It is diffi-
cult to see why such a rapid replacement of cells as Salmon and Zwemer 
suggest should occur in a normal adult animal. 
Careful study of regeneration from enucleates and transplants has 
also produced conflicting evidence concerning the migration theory and 
the origin of cells. Baker and Bailiff (1939), Turner (1939) and 
Butcher (1948) studied mitoses in transplants and enucleates and con-
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eluded that capsule cells are converted to glomerulosa cells during re-
generation. Attempts were made to separate the adrenal gland into two 
portions; one containing capsule and adherent glomerulosa tissue and 
one containing fasciculata, reticularis and medulla. Transplantation 
of these portions always resulted in regeneration from the capsule-
glomerulosa portion only. Wyman and Walker (1929) and Ingle and 
Higgins (1938) state this as evidence that the capsule is essential for 
regeneration. Williams (1945) and Everett (1949) attempted to 
separate the capsule-glomerulosa portion and to transplant "pure" 
capsule and 11pure" glomerulosa and Everett found that regeneration 
proceeded only from the glomerulosa. Williams (1945) observed adrenal 
glomerulosa grafts in transparent rabbit ear chambers at frequent in-
tervals over a period of 8 months. He observed and photographed 
c,yclic secretory changes in glomerulosa cells but no conversion of 
capsule cells to glomerulosa cells. Little or no regeneration occurred, 
however, since the rabbits were not bilaterally adrenalectomized. 
Williams ' (1945) excellent photomicrographs indicate, however, that it 
is feasible to study living adrenocortical cells at high optical 
magnifications in the rabbit's ear. I suggest that if Williams' 
optical methods were carried out in bilaterally adrenalectomized 
rabbits with ear transplants, the changes which capsule and glomerulosa 
cells undergo during regeneration could be photographed by time-lapse 
cinephotomicrography. A motion picture record of this growth would 
help resolve the conflict concerning the origin of new cortical tissue 
during regeneration. 
Recently Deane, Shaw and Greep (1948) and Greep and Deane (1949) 
reinvestigated the regenerative characteristics of enucleated r at adrenal 
glands. They used both standard histological methods and special c,rto-
chemical methods for lipid droplets and ''ketosteroids" in -frozen 
sections. They observed that only the glomerulosa cells adhering to the 
capsule after enucleation formed the seed for regeneration. It is of 
historic interest to note that Deane, Shaw and Greep (1948) were the 
first to stain the lipid droplets of regenerating adrenocortical cells 
and thus the first workers to take advantage of these inherent markers 
in tracing glomerulosa cell histories following enucleation. 
This morphological conflict concerning cell migration, still un-
resolved, is extremely important in view of the increasing evidence 
that the zona glomerulosa is a separate functional entity which is 
concerned with producing mineralocorticoids and is controlled by the 
electrolyte level in the blood, while the faseiculata is under the 
control of the pituitary gland and secretes glucocorticoids which 
regulate carbohydrate metabolism. Some of the evidence supporting 
this theory will be discussed in the next section. 
15 
IV ADRENAL HISTOCHEMISTRY 
Lipids and ketosteroids 
The lipid-rich adrenal cortex contains a complex mixture of tri-
glycerides, phosphatides, free fatty acids, cholesterol, cholesterol 
esters and steroids (Harrow, 1950). The most specific methods for re-
vealing the distribution of this lipid in thin sections of the adrenal 
cortex are based upon the solubility properties of fats. Several 
highly colored dye molecules are specifically and preferentially oil-
soluble and stain lipid by virtue of this solubility. Among the 
Sudan dyes, Sudan IV, Sudan Orange and Oil Red 0 color lipid red 
(Lison, 1936), whereas Sudan Black B, recently introduced by Baker 
(1944), produces an intense blue-black coloration. 
The lipid of the rat's adrenal gland appears in the form of 
droplets which differ · in character in the different cortical zones. In 
the zona glomerulosa the lipid droplets are small, numerous and closely 
packed. The glomerulosa is separated from the fasciculata by a zone of 
cells, the lipophobic zone, which contains very few lipid droplets 
(Simpson, Evans and Li, 1943). In fasciculata cells lipid droplets are 
larger, fewer and further apart than in the glomerulosa. Lipid forms 
possessing a sudanophilic pellicle and a sudanophobic core are also 
present and have been called spheroid complexes by Baker (1944). 
Spheroids were first observed in the rat's adrenal gland by Cain and 
Harrison (1950) after staining with Sudan Black B and their presence 
was confirmed by Rennels (1952). The lipid droplets and spheroid com-
plexes of the zona reticularis are large, few in number and often 
bizarre and variable in shape, suggesting cellular degeneration (Hoerr, 
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1931; Greep and Deane, 1949). 
Various bodily stresses stimulate the pituitary to secrete ACTH, 
which in turn regulates lipid metabolism in the cortex (Selye, 1946). 
A sudden temporary period of stress causes rapid depletion of lipid 
from the fascicalata followed by restoration of lipid to normal levels 
within 24 hours. Slowly working, severe stresses bring about cor-
respondingly slow depletion and restoration of cortical fat. Steroids 
are thought to be dissolved in the fatty droplets and the waxing and 
waning of cortical lipid reflect the synthesis and secretion of 
adrenal hormones (Sayers and Sayers, 1949). 
Physical and chemical tests for ketonic steroids have been 
applied to frozen sections of adrenal cortex in an attempt to localize 
the sites of steroid synthesis. The ph~nylhydrazine reaction and the 
Schiff reaction both produce colored complexes with ketones and were 
used in a study of the cat 1s adrenal by Bennett (1940). Steroids are 
birefringent in polarized light and autofluorescent in ultraviolet 
light and these properties were also utilized by Bennett (1940) as aids 
in ketosteroid tissue localization. 
Dempsey (1948) claimed that although none of these tests was 
really specific for ketoateroids, no other substance displayed the 
entire "battery of reactions." A modification of the phenylhydrazine 
reaction known as the Ashbel-Seligman reaction was added to this 
battery in 1949 and was reported to be highly specific for ketosteroids 
(Ashbel and Seligman, 1949). 
Gomori (1952) severely criticized the use of these tests either 
singly or in combination as valid criteria of ketosteroid presence for 
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the following reasons: (a) none of the reactions can be evoked in 
fresh tissue; (b) after treatment with mild oxidants, or after standing 
' for a brief time, fresh tissue does give positive reactions; (c) estrone, 
testosterone and desoxycorticosterone, all ketosteroids, give negative 
reactions with the Ashbel-Seligman test. On the basis of these and 
other considerations Gomori concludes that the ketosteroid tests re-
veal auto-oxidation products of unsaturated fatty acid esters of 
cholesterol. This view, according to Gomori (1952), is "shared by the 
vast majority of workers who have studied the problem critically" in-
eluding Danielli (1953) and Sayers and Sayers (1949). Recent use of 
the ketosteroid tests to study monkey adrenal cortices is justified by 
the belief that although the validity of the tests is at present 
questionable, the substances revealed are probably very closely related 
metabolic compounds, or actual precursors of adrenocortical hormones 
(Knobil, Morse and Greep, 1955). 
Qrtophysiology of the glomerulosa 
During increased secretory activity associated with stress, adreno-
cortical cells enlarge and their lipid droplets become finer, increase 
in number and may eventually disappear. After periods of hypoactivity, 
adrenocortical cells atrophy, their lipid droplets enlarge, coalesce and 
become scant (Deane, Shaw and Greep, 1948). Cell size and droplet dis-
tribution, therefore, still serve as excellent indices of cellular 
function although other histochemical methOds are available. Such 
criteria were used in establishing the recent concept that the zona 
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glomerulosa is an independent, functional entity of the adrenal cortex, 
not under the influence of tha anterior pituitary. This hypothesis was 
originally proposed by Swann (1940), who pointed out that hypophy-
sectomized rats do not show a fatal electrolyte imbalance, indicating 
that salt-regulating hormones are produced b,y the adrenal in the ab-
sence of the pituitary. · Deane and Greep (1946) suggested that since the 
glomerulosa did not atrophy as does the fasciculata after hypophysectomy, 
the glomerulosa was the source of mineralocorticoids. 
C,ytological evidence supporting this conclusion is as follows: 
(a) administration of adrenocorticotrophic hormone (ACTH) does not 
cause hypertrophy of glomerulosa cells or changes in their lipid drop-
lets (Bergner and Deane, 1948); (b) administration of desoxycortico-
sterone acetate (DOCA) does cause atrophy of the glomerulosa cells and 
coalescence of the lipid (Nichols, 1948; Deane, Shaw and Greep, 1948); 
(d) lowering the Na/K ratio in the blood stimulates the glomerulosa, 
causing the cell s to hypertrophy and the droplets to become fine and 
numerous (Nichols, 1948; Deane, Shaw and Greep, 1948). 
These observations, reviewed by Deane (1951), are all consistent 
with the contention that the secretory level of the zona glomerulosa 
is controlled by the Na/K ratio in the circulating blood in a manner 
similar to the control of the parathyroid by the concentration of 
calcium in the blood. Thus it was concluded that mineralocorticoids 
are secreted by the zona glomerulosa whereas glucocorticoids are se-
creted by the zona fasciculata under the control of the pituitary. 
These observations have recently been verified in the monkey (Knobil 
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et al, 1955). 
V RADIOBI OLOOY 
General mechanisms 
"A beam of radiation, whatever its type, is a source 
of energy in highly availabge form ••• a 50 r/min. X-ray beam 
is at ••• a temperature of 10 Kelvin. A few minutes ex-
posure to such a beam is like introducing into the ir-
radiated volume (of tissue) an amount of free energy fully 
comparable to ••• injection of a strong reagent such as nitric 
acid at a concentration of 0.02 molar" (Morrisson, 19.52) . 
Exposing a living organism to a source of such intense radiant 
energy begins a series of physicochemical events which culminate in 
either slight alteration, permanent crippling or death. These se-
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quelae are manifestations of drastic destruction on the cellular level. 
The damage consists of cytoplasmic, nucleoplasmic and chromosomal in-
jury caused by ionization and the oxidation of biological molecules 
(CUrtis, 1951; Tobias, 1951; Spear, 1953; Zirkle, 1952). 
Ionizing radiations are so called because they have sufficient 
energy to eject electrons from the outer orbits of neutral atoms, thus 
forming positive ions. Each ejected electron attaches to another 
neutral atom and forms a negative ion. In this way many ion pairs form 
in the path of a beam of ionizing radiation. This phenomenon occurs 
with alpha, beta, gamma and x-irradiation and the unit of comparative 
measure is the roentgen, which is defined as that amount of radiation 
which can cause the formation of 1 .61 x 1012 ion pairs in one cubic 
centimeter of air at 0° C and 760 mm. of Hg. 
Hollaender (1950) suggests that only twenty percent of the x-ray 
damage to tissue is caused by direct ionization of biological molecules. 
Eighty percent is caused by oxidizing radicals which form following 
ionization of cytoplasmic water. Barron (1950) states that following 
the irradiation of cytoplasmic water by x-rays, gamma rays or elec-
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trons there is formation of the oxidizing radicals oH! and o2H!, t he 
oxidizing molecule H2o2, and the reducing radical H , according t o the 
following equations. 
~0 -----------)- H + + 0~ 
H + o2 -------~ 0211 
o2H- + H ------,. H2o2 
Sulfhydryl groups are present as side groups on some very important 
enzyme molecules. Barron (1950) suggests the following equations to 
illustrate the oxidation of sulfhydryl-containing enzymes. Glutathione 
(GSH) is used as an example to show the occurrence of half-oxidized 
free radicals; 
GSH + OR -------~ as• + H20 
GSH + o2H- -------t- as• + ~02 
as• + as· -------7- assa 
or; 
asH -to H202 -------~ as·+ -OR + 
asH + OR- -------~ as·+ H2o 
as·+ • as -------~ asSG 
~0 
Any substance which would compete with cell enzymes for these 
oxidizing radicals would exert a protective effect. Cysteine and 
glutathione when added to a cell suspension before irradiation, or when 
fed to mice reduce the post-irradiation mortality (Bacq, 1950; Curtis, 
195l ) . Lowering the oxygen tension or administering cyanide similarly 
protect cell suspensions from irradiation damage. 
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Whole-body and cellular effects 
Total body x-irradiation severely damages the primitive, blood-
formative cells of the hematopoietic and granulopoietic systems and this 
damage is reflected in the characteristics of the acute radiation 
syndrome (Brues and Sacher, 1952; Curtis, 1951). Increased bleeding 
times (due to loss of platelets and megakaryocytes), lowered resis-
tance to infection (due to loss of granulocytes and lymphocytes and 
interference with antibody formation), fluid loss, fever and general 
shock conditions usually lead to death. Post-radiation therapy con-
sists of blood replacement and administration of antibiotics. 
The severe effect of x-rays on primitive, differentiating blood 
cells is an example of a well supported principle of radiobiology, 
that irradiation is most lethal to rapidly growing and/or differen-
tiating cells. This principle is supported by work on adult and 
embryo mice, rats, frogs, Amblystoma and man (Patt, 1955; Rieck, 1954; 
Rugh, 1954; Russell, 1954; Shaver, 1953; Spear, 1953). Expression of 
this principle is found in the fact that all embryonic stages of in-
dividuals are more radiosensitive than adult forms, and each stage in 
embryonic development is more sensitive than the one following (Rugh, 
1954). The youngest cells in any organ are always more radiosensitive 
than the oldest. In the testis, for example, spermatogonia are more 
radiosensitive than mature sperm (Shaver, 1953). 
X-irradiation and the adrenal cortex 
The pituitary-adrenal system reacts to total-body x-irradiation as 
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it does to any severe bodily stress. This was indicated by the work of 
Cronkite and Chapman (1950), Edelmann (1951), Edelmann and Katsh (AECU-
ll37) and Katsh and Edelmann (1951), all of whom found that adrenalec-
tomy prior to irradiation shortened survival, that administration of 
adrenocortical extract lengthened survival and that the greatest demand 
for cortical hormone occurred three days follmring total-body x-irradia-
tion. Patt et al (1947) measured adrenal cholesterol depletion and 
adrenal weight gain after x- irradiation in normal and hypophysectomized 
animals. They f01.md that hypophysectomy prevented the typical adrenal 
response to the stress of x-ray. This seemed excellent evidence for the 
belief that t he effect of irradiation on adrenocortical tissue is non-
specific . SUpport for this belief is found in several histological 
studies reported by Bloom (1948) and Warren (1943), who found no 
specific radiation damage to adrenal tissue following severe irra-
diation of different types . 
Some convincing physiological evidence does exist, however, that 
x-rays have a direct effect on adrenal tissue and that the adrenal is 
relatively radioresponsive. Craver (1947) and Edelmann (1951) shielded 
the adrenals of rats with lead during x-irradiation and found a sig-
nificant increase in survival times . Rosenfeld et al (1954) and 
Ungar et al (1954) studied steroidogenesis in irradiated, isolated 
and perfused adrenals of the calf and found severe reductions in the 
ability of the glands to syn.thesize hormones . Wyman et al (1954) 
and Goldman (1955) studied the functional capacity of 14 day old 
adrenocortical transplants -vrhich had been irradiated prior to trans-
plantation and found that such transplant s do not attain normal 
functional levels. 
Although there are no apparent histological or histochemical 
changes in adrenocortical tissue after direct x-irradiation (Bloom, 
1948), differences might appear if such tissue were transplanted and 
allowed to regenerate. My work represents an effort to utilize cyto-
chemical methods to determine whether x-irradiation of adrenal tissue 
prior to transplantation creates any damag.e detectable in regenerating 
cort ical cells. 
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MATERIALS AND METHODS 
The results presented in this report were obtained from three re• 
lated studies of adrenocortical regeneration. These three studies may 
be characterized as the cytology of (a) adrenocortical regeneration 
after immediate autotransplantation, (b) adrenocortical regeneration 
after in vitro x-irradiation of the adrenal gland, and (c) the response 
of young autotransplanta to a lethal dose of whole boqy x-irradiation. 
The report of the results of each experiment is prefaced by a des-
cription of the experimental plan and methods special to that plan. 
The materials and methods which are common to all three experimental 
studies are described in the following paragraphs. 
Animals 
Male albino rata of the Wistar strain, weighing between one hundred 
and one hundred and eighty grams at the time of operation, were used in 
all studies. Rats were procured from the Charles River Laboratory 
(North Wilmington, Massachusetts) at weights ranging from ninety to one 
hundred and fifty grams. This weight range corresponds to an age range 
of five to seven weeks. Upon arrival the rats were placed in clean wire 
gauze cages, three to a cage, supplied with tap water and Purina 
Laboratory Chow ad libitum and allowecl a period of five to seven days 
for acclimatization to the conditions of the animal roam in the research 
building of Boston University. Animals were usu~.ly ordered in groups 
of twenty to forty and these would undergo surgery within five to seven 
days after arrival. Experimental and control animals were always 
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chosen from the same animal shipment insofar as this was possible. 
Surgical techniques 
All the animals were anesthetized with ether (Merck) and bilat-
erally adrenalectomized via the dorsal route. The skin and hair of 
the back were moistened with seventy per cent alcohol and a short mid-
line skin incision was made with clean scissors. The underlying fascia 
was dissected away, the skin was retracted and a small puncture was 
made with sharp, straight forceps through the dorsal muscle mass 
slightly cephalad and mediad to the anterior pole of the kidney. The 
adrenal gland was grasped with a pair of curved forceps, pulled up 
through the incision and severed from its vascular connections with 
iris scissors. The wound in the musculature was allowed to heal without 
sutures. 
The interval of time between excision and autotransplantation 
varied in the different groups but the method of transplantation was the 
same. The excised adrenals were placed on the muscles of the back and 
bisected (Figure 1). F~ckets were made in the trapezius and lattissimus 
dorsi muscles on the right and left and one half gland was inserted in 
each pocket (Figure 2). The skin incision was closed with Michel wound 
clips and after complete recovery from anesthesia the animal was re-
turned to the animal room. A drinking solution of one per cent saline 
(o.5% sodium chloride; o.5% sodium citrate) was supplied ad libitum 
for the rest of the experimental period in all groups. 
Explanation of Figures 
All photographs on the opposite page are gross views of the 
dorsal . musculature of Wistar rats at a magnification of approximately 
4 x. 
Figure 1. Two excised adrenal glands in place on the dorsal muscu-
lature just prior to bisection. 
Figure 2. One half adrenal gland being inserted in a pocket in a 
dorsal muscle. 
Figure 3. Regenerated transplant dissected free from its muscular 
attachments just prior to removal. This dissection of a 150 day 
old transplant was prepared by Mr. Hubert Eddy. 
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Figure 1 
Figure 2 
Figure 3 
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Cytological techniques 
All animals were killed by breaking the neck with leverage applied 
by pressing on the base of the skull with a file and simultaneously ex-
erting a sudden pull on the tail. The transplants were dissected free 
from the musculature {Figure 3) as quickly as possible and placed in 
ten per cent neutral formalin buffered to pH 7.0 with Sorenson's 
phosphate buffer (Lillie, 1948). The transplants remained in fonnalin 
for two weeks to two months. Previous study of adrenal tissue has in-
dicated that it is safe to leave tissue in ten per cent formalin for 
periods up to five months and that two weeks is the minimum fixation 
time for adequate preservation of cytological detail (Brenner, unpub-
l ished observations). After fixation, transplants were embedded in 
. gelatin according to the following method recommended by Baker (1944) 
for obtaining thin frozen sections. Tissues were washed for two 
hours in four changes of distilled water and then infiltrated with 
twenty five per cent melted gelatin at thirty seven degrees centigrade 
in a calcium chloride desiccator. Desiccation and infiltration were 
stopped when the gelatin became extremely viscous and tended to gel. 
Because the time of infiltration varied directly with the number of 
dishes of gelatin processed, care was taken always to infiltrate the 
same number of tissues each time. When twenty dishes were handled at 
once, the time required to desiccate each dish adequately was twenty to 
twenty four hours. After infiltration was complete the gelatin was re-
frigerated for one to two hours and small blocks containing imbedded 
transplants were cut out with a scalpel. These were hardened a minimum 
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of twenty-four hours before sectioning. 
The blocks of gelatin were washed in distilled water twenty minutes 
before sectioning in order to remove the buffered formalin which lowers 
the freezing point of gelatin. An American Optical freezing microtome 
supplied with liquid carbon dioxide as a coolant was used to cut frozen 
sections five microns in thickness. Sections were washed in distilled 
water, mounted on albuminized slides and dried one to two hours at room 
temperature. TWo slides, each with five to nine sections, were made of 
each transplant. Those sections which were not mounted on slides were 
preserved in a four per cent solution of formalin containing one per cent 
cadmium chloride, one per cent calcium chloride and an excess of 
calcium carbonate · (sections have been preserved in this fluid for three 
years with no loss in lipid stainability). 
The slides were stained according to the following schedule: 
fifty per cent alcohol for one minute; Mayer's hemalum for three 
minutes, with agitation for five seconds once a minute; distilled water 
rinse for one minute; fifty per cent alcohol rinse for one minute; 
seventy per cent alcohol rinse for one minute; saturated Sudan Black B 
for four minutes, with agitation for four seconds once a minute; seventy 
per cent alcohol rinse for one minute, with agitation for four seconds 
at the beginning and end of the minute; fifty per cent alcohol for one 
minute; distilled water rinse for one minute; and, finally, a distilled 
water rinse. Slides may be left for several hours in the second dis-
tilled water rinse before mounting in Kaiser's glycerine jelly. 
Experience indicated that placing slides into distilled water im-
mediately after drying caused sections to tear loose, but substituting 
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fifty per cent alcohol as the first rinse after drying overcame this 
problem. The Mayer's hemalum was prepared according to the formul a 
recommended by Lillie (1948) and the Sudan Black B was prepared as a 
saturated solution, as recommended by Baker (1944) . Both dyes were re-
turned to stock bottles after each use and filtered into clean staining 
dishes before each use. Mayer's hemalum, used without an alkaline 
rinse in this manner, stains nuclei a shade of pink in good contrast to 
the blue-black staining of Sudan Black B. 
Analytical methods 
Cell depth. The use of cell depth measurements as a semi-quanti-
tative index of volumes of adrenocortical transplants was introduced by 
Wyman, Whitney, Griffin and Patt (1954). In practice the technique in-
volves a preliminary visual inspection of all the slides of all the 
transplants in each animal and the selection of the largest cross 
section of regenerated adrenal cortex. The number of cortical cells in 
a straight line from the capsular border to the inner border is then 
counted under high dry (430 X) magnification. This count is recorded 
as the maximum cell depth of regenerated adrenal cortex per animal. 
The value of cell depth as a relative index of volume was 
tested recently by Dr. Rae Whitney (1955, unpublished data). She per-
formed cell depth measurements on serial sections of regenerated adreno-
cortical tissue for which accurate planimetric determination of volume 
had been compiled by Mr. Hubert Eddy (1954, unpublished data). A high 
degree of correlation between cell depth and actual volume was found to 
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exist. 
Cell type. Brenner, Patt and Wyman (1953) described a sequence 
of five cell types which occurred during adrenocortical regeneration, 
and reported that these types stemmed from the zona glomerulosa of the 
implanted adrenal gland and that each type was related to the secretory 
state of the transplant in which it occurred. The sequence of cell 
types is described in complete detail in the present report (vide infra). 
The presence or absence of each cell type was recorded and an estimate 
of their volume per animal was made by determining the depth of each 
type. This measurement was made in the same section used for measure-
ment of total cell depth. 
Per cent take. Per cent take was calculated on the basis of the 
---
number of animals with regeneration divided by the number of animals 
autopsied. 
Statistical methods 
Mean cell depths of various groups were compared for significant 
differences on the ninety-five per cent probability level. The 
Snedecor F test (Mode, 1951) was first used to determine whether the 
data were susceptible to analysis by the Student-Fisher t-test (Mode, 
1951) and then the ~-test was applied. 
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RESULTS 
A. THE CYTOLOGY OF ADRENOCORTICAL REGENERATION AFTER IMMEDIATE 
AUTOTRANSPLANTATION 
Experimental plan 
Motivation. Review of the literature indicates that there has 
been only one cytochemical study of the lipid droplets of regenerating 
cortical tissue. Greep and Deane (194·7) described the disappearance 
and reappearance of lipid during regeneration of enucleated adrenal 
glands but they did not describe cellular changes in detail. The pre-
sent study was undertaken to provide a description of the lipid drop-
lets and nuclei in cells of regenerating adrenocortical transplants. 
Procedure. Sixty-four male rats weighing between ninety and one 
hundred grams were bilaterally adrenalectomized m d both adrenals 
were bisected and immediately transplanted to the dorsal musculature. 
Transplants were removed for cytological study over a twenty-one day 
period as follows: from three rats on each of days one, two, four, five, 
seven, eight, ten and eleven after operation; and from five rats on 
days three, six, nine, twelve, fourteen, sixteen, eighteen and twenty-
one. In addition implants were examined from two rats killed at six 
hours and two at twelve hours after implantation. Ten normal animals 
in the same weight range were killed and their adrenal glands were pre-
pared similarly for comparison with regenerating transplants. 
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Observations 
Some of the observations on this group of animals were previously 
reported by ~enner, Patt and Wyman (1953). The description of the se-
quence of cell types is presented here in more detail and includes data 
on cell depth and per cent take not reported previously. The descrip-
tion of the intact adrenal gland and of the degenerative changes fol-
lowing transplantation §re not greatly extended but are included for 
completeness. 
Intact adrenal glands. The adrenal gland of the rat, when ob-
served with the low powers of the microscope after Sudan Black B 
staining, has a darkly stained, lipid-rich cortex, the zona glomeru-
losa of which is subtended by a lipophobic zone (Figure 4) as de-
scribed by several workers {Simpson, Evans and Li, 1943; Dalton, 1944; 
Greep and Deane, 1949). The lipid droplets of glomerulosa cells are 
grouped in small cytoplasmic clusters which are often located at op-
posite poles of each cell (Figure 5). The cells of the fasciculata are 
larger than glomerulosa cells and contain both lipid droplets and 
spheroid complexes (Figure 6) as described by Cain and Harrison (1950) 
and Rennels (1952). Zona reticularis cells contain extremely large 
spheroid complexes and vacuolated lipid droplets which are indicative 
of degenerative changes. Similar lipid forms are found in degenerating 
fasciculata and reticularis cells after transplantation (Figure 8). The 
cells of the glomerulosa, fasciculata and reticularis of regenerating 
adrenal cortices should not be considered mature until their lipid drop-
lets and spheroid complexes attain similar size and distribution t o 
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those of intact adrenal glands. 
Degeneration. The cells of the inner cortical zones begin to de-
generate immediately after implantation. After three days their nuclei 
do not stain with hemalum and their spheroid complexes and lipid drop-
lets become enlarged and vacuolated (Figure 8). This necrotic tissue 
is reabsorbed during a ten to fifteen day period through the phago-
cytic action of large numbers of macrophages and polymorphonuclear 
leucocytes which enter the implant on the first day. Many fibroblasts 
in the adrenal capsule phagocytize the fat which oozes out of the 
cent ral degenerating zones of the implant due to mechanical trauma 
during the first three days after implantation. Macrophages and fibro-
blasts laden with lipid are often interspersed with viable and degen-
erate glomerulosa cells in the subcapsular zone. Careful study at high 
magnifications is necessary in order to distinguish these cells f r om 
one another. The macrophages are large cells with lobed or indented 
nuclei and small pseudopodia. The fibroblasts are spindle shaped and 
their phagocytized lipid droplets are usually concentrated at opposite 
poles of the spindle. The viable glomerulosa cells are spherical or 
oval in shape and contain large numbers of lipid droplets which ob-
scure nuclear detail. Degenerate glomerulosa cells are characterized 
by disruption of the cell membrane and dispersion of lipid in a dust-
like cloud of droplets throughout the subcapsular zone. Enlarged or 
vacuolated lipid forms to not appear in dead glomerulosa cells. 
Regeneration. Large numbers of glomerulosa cells survive the 
trauma of implantation and their lipid droplets immediately enlarge and 
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crowd together to such an extent, : as indicated above, that nuclei are 
partially obscured. Nuclei which are visible, however, stain bright 
pink with Mayer's hemalum which is considered an indication of viability 
since it contrasts with the typical loss of nuclear basophilia charac-
teristic of degenerating adrenocortical cells. Viable glomerulosa 
cells are arranged in small patches around vascular sinusoids in the sub-
capsular area. Figure 7 is a low power photomicrograph showing an ex-
tensive rim of these cells, and Figures 9 and 10 show them at higher 
magnifications. The accumulation of such large quantities of lipid in 
glomerulosa cells is indicative of low secretory rates (Greep and 
Deane, 1949) and, since these cells are soon to begin regenerating, I 
consider them as resting prior to active work. Hence they are termed 
"static" glomerulosa cells. They are found as early as six hours after 
implantation and are the first in a sequence of five cell types which 
occurs during adrenocortical regeneration. 
Three days after i~plantation, coincident with increased blood 
vessel growth in the capsular area, groups of static cells nearest 
the capsule reduce their accumulation of lipid. Their nuclei are no 
longer obscured by a mass of droplets but a few large intensely 
stained droplets are seen against a gray-green background of cytoplasm. 
The nuclei are spherical and each contains CJ. single, enlarged nucleo-
lus. The increase in nucleolar mass indicates an increase in the syn-
thesis of cytoplasmic protein necessary for growth and regeneration 
( Caspersson, 1950). 
The large lipid droplets are indicative of low secretory rate 
Explanation of Figures 
All photomicrographs on the opposite and succeeding pages were 
prepared from frozen sections stained with SUdan BlackBand Mayer's 
Hemalum. 
Figure 4. Adrenal cortex of a normal Wistar rat showing lipophobic 
zone subtending the zona glomerulosa. X 100. 
Figure 5. T,ypical adult glomerulosa cells showing small lipid droplets 
grouped in clusters. X 1000. 
Figure 6. T,ypical adult zona fasciculata cells showing characteristic 
size and distribution of spheroid complexes. X 1000. 
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Explanation of Figures 
Figure 1. Two-day old adrenocortical transplant showing subcapsular 
rim of static glomerulosa cells. The inner cortical zones are 
degenerating. X 100. 
Figure B. A typical degenerating fasciculata cell from a two-day old 
transplant. Lipid droplets and spheroid complexes are enlarged 
and vacuolated. X 1200. 
Figure 9. A portion of the rim of static glomerulosa cells shown in 
Figure 7. Cells are grouped around blood vessels. X 430. 
Figure 10. Higher magnification of static cells showing partial 
obscuring of nuclei by mass of lipid droplets. X 1000. 
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:Figure 8 
Figure 9 Figure 10 
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(Greep and Deane, 1947) and these cells probably represent a transitional 
stage through which static cells pass preparatory to mitosis. Hence 
they are termed "transitional" glomerulosa cells (Figures 11, 12 and 
13). Transitional cells undergo mitosis, increase in number and migrate 
centripetally. Static cells which lag in transforming to transitional 
cellsare pushed in a central direction by the developing cortex 
(Figures 11 and 25). All static cells become transitional cells by 
seven days after implantation. 
At seven days groups of transitional cells directly beneath the 
capsule are the first to lose ail their cytoplasmic lipid and become 
"empty" cortical cells, the third cell type (Figure 14) . Their nuclei 
are large and spherical and each contains a single large nucleolus 
(Figures 16 and 17). Transitional cells which lag in becoming empty 
are pushed in a central and lateral direction by the rapidly pro-
liferating empty cortical cells (Figures 14 and 25). The entire cor-
tical mass consists of empty cortical cells by ten days after implan-
tation (Figure 15). This mass is usually completely encapsulated and 
is separated from the necrotic material due to the continuous migration 
of capsule cells around the developing parenchyma. Capsule cells also 
penetrate the body of the regenerating mass presumably to become either 
supporting stroma or the phagocytic lining cells of the adrenal sinusoids, 
but no conversion of capsule cells to cortical cells was observed. 
Between eleven and fourteen days after implantation, lipid droplets 
and spheroid complexes reappear in the regenerating mass. However, these 
lipid forms are finer and more sparsely distributed than those of adult 
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glands and the cells in which they appear are termed "granular" cortical 
.cells (Figures 19, 20). Although granular cells are not cytologically 
mature, their histological arrangement is similar to adult glomerulosa 
and fasciculata. 
Increasing numbers of cortical cells become mature between sixteen 
and twenty-one days after implantation. Low power observation of a 
twenty-one day old transplant reveals a darkly stained cortex which re-
sembles the adult gland except for the absence of a lipophobic zone 
(Figure 21). Zona glomerulosa cells have lipid droplets groups in 
clusters (Figure 22) and the cells of the zona fisciculata have 
spheroid complexes of adult size and distribution (Figure 23). Short 
cords of zona reticularis cells are present and these cells contain the 
large spheroid complexes typical of adult reticularis cells (Figure 20). 
These cells are referred to as mature or adult cortical cells. 
The sequence of cell types is summarized diagrammatically in 
Figure 24. Adult glomerulosa cells are depicted as entering a static 
state after implantation and undergoing a cycle of changes which produces 
fully mature adrenocortical cells within twenty-one days. This se-
quence is correlated with the increase in transplant mass in Figure 2 •• 
The centripetal proliferation of regenerating cortical tissue and 
its effect on the spatial distribution of cell types is summarized in 
Figure 25. The first appearance of transitional and empty cells in the 
peripheral, subcapsular portion of their respective parent masses is 
probably related to the central direction of blood vessel growth. 
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Cell depths. The mean cell depth of each cell type and the mean 
total depths of regenerated cortex are tabulated for each of d~s two, 
three, four, seven, eight, nine, fourteen and twenty-one in Table I. 
This table clearly shows the rise and fall in depth of each cell type 
in the developing cortex. In Figure 27A the depths of each type were 
plotted and the five curves obtained were made continuous by connecting 
them at their intersections. The complex curve so formed has five peaks 
and ia a · representation of the sequence of cell types. · 
The mean total depths of regenerated cortex were plotted in 
Figure 27B and the sigmoid curve obtained is a representation of trans-
plant growth. Transposing the complex curve representing the sequence 
of cell types to the same axis as the curve of transplant growth, as in 
Figure 27B, creates a graphic representation of the c,ytology of adreno-
cortical regeneration. 
Explanation of Figures 
Figure 11. Four-day old adrenocortical transplant showing groups of 
transitional glomerulosa cells characterized by large discrete 
lipid droplets and unobscured nuclei. Nucleoli were not darkly 
stained in this section. A few static cells are still present at 
the inner border of the parenchymal mass. X 430. 
Figure 12. Three transitional cells from the same transplant shown in 
Figure 11, showing the large lipid droplets at higher magnification. 
X 1000. 
Figure 13. Two transitional cells from a three-day old transplant. En-
larged nucleoli and large lipid droplets are both visible in t hese 
cells. X 1200. 
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Explanation of Figures 
Figure 14. Seven-day old adrenocortical transplant showing empty cor-
tical cells concentrated at the peripheral edge of the regenerating 
mass and transitional cells distributed centrally and laterally. 
'!he new parenchyma has been encapsulated from the necrotic mass. 
X 430. 
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Explanation of Figures 
Figure 15. Ten-day old transplant showing predominance of empty cells 
and absence of lipid. X 100. 
Figure 16. Empty cortical cells at the periphery of the transplant 
shown in Figure 15. Note spherical nuclei and enlarged 
nucleoli. X 1000. 
Figure 17. Empty cortical cells from another ten-day old transplant. 
X 1000. 
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Explanation of Figures 
Figure 18. Fourteen-day old transplant showing reappearance of small 
amounts of lipid. X 100. 
Figure 19. Granular cortical cells from fourteen-day old transplant 
shown in Figure 18. Note small spheroid complexes. X 1000. 
Figure 20. Granular cortical cells from another fourteen-day old 
transplant. X 1000. 
Figure 18 
Figure 19 Figure 20 
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Explanation of Figure 24 
This diagram is designed to indicate that fasciculata and reticularis 
cells degenerate after implantation while glomerulosa cells undergo a cycle 
of changes, desc1~bed in the text as a sequence of cell types, which 
result in the production of a fully differentiated, mature adrenal cortex 
within twenty-one days, with the exception of a lipophobic zone. 
E UENCE OF CELL TYPES DU" I G 
REGENERATION 
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Figure 24 
Day 1-2 
Static cells are 
found alone be-
neath the capsule. 
Day 3-4 
Blood vessels grow 
inward from capsule. 
Static cells closest 
to capsule convert 
to transitional. 
Day 11-14 
Granular cells arise 
ill a random manner 
throughout the mass 
of empty cells. 
Figure 25 
Day 4-7 
Transitional cells 
undergo mitosis, 
push remaining 
static cells in-
ward. Meanwhile 
some transitional 
cells closest to 
capsule convert to 
empty cells. 
Day 7-9 
Empty cells 
undergo mitosis, 
push remaining 
transitional 
cells inward. 
Meanwhile all 
static cells 
have converted 
to transitional. 
Day 14-21 
Adult cells arise 
in a random manner 
throughout the mass 
of granular cells. 
Day 9-11 
Empty cells 
become pre-
dominant as 
all remain-
ing transi-
tionals 
convert to 
empty. 
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Explanation of Figure 26 
The drawings at the top of the figure represent low power views of 
Sudan Black B stained adrenocortical transplants during regeneration. Dif-
ferences in both mass and lipid content are indicated. The drawings at the 
bottom of the figure represent oil immersion views of the cells present in 
these masses. The last cell on the right, termed adult, is a composite cell 
showing clusters of lipid (representative of adult glomerulosa), medium size 
spheroid complexes (adult fasciculata) and large spheroids (adult reticularis). 
The purpose of the diagram is to illustrate the correlation between the 
sequence of cell types and the increase in transplant mass over a tl'lenty-one 
day period. The text describes the correlation between the sequence of cell 
types and the functional capacity of the various transplant masses. 
E AT I N OF CELL TYPE WITH REGENER T l ' SS 
3-6days ) 7- 10 days ) l l - 14days ) 
Static Transitlona.l Empty Granular Adult 
Figure 26 
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TABLE I 
MEAN CELL DEPTHS 
IMMEDIATE TRANSPLANTS 
~ STATIC TRANSITIONA EMPTY GRANULAR ADULT TOTAL D~PTH 
2 3.5 2.5 3.6 
3 1.3 3.0 4.0 
4 1.0 6.5 7.5 
7 2.6 6.3 9.3 
8 3.0 13.5 16.5 
9 8.7 12.2 21.0 
I I 3.5 II. 5 5.0 20.5 
12 4.2 35.0 36.2 
14 11.7 32.0 41.2 
18 14.5 43.7 36.2 62.5 
21 22.5 65.0 65.0 
c 
E 
H 
0 
MEAN CELL DEPTHS OF INDIVIDUAL TYPES MEAN TOTAL DEPTHS OF AUTOTRANSPLANTS 
8 12 
ADULT 
TRANSPLANT 
GROWTH 
SEQUENCE OF 
CELL TYPES 
16 20 24 28 4 8 12 16 20 
DAYS AFTER TRANSPLANTATION 
THE GROWTH 8 SEQUENCE OF CELL TYPES 
DURING ADRENOCORTICAL REGENERATION 
AFTER IMMEDIATE AUTOTRANSPLANTATION 
24 28 
Figure 27 A Figure 27 B Vl. 
0 
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B. THE CYTOLOGY OF ADRENOCORTICAL REGENERATION AFTER IN VITRO 
X-IRRADIATION (2000 r) OF THE ADRENAL GLAND 
Experimental plan 
Motivation. Wyman, Whitney, Griffin and Patt (1954) reported 
that in vitro x-irradiation of the adrenal gland with two thousand 
roentgens prior to transplantation reduced its regenerative capacity, 
as indicated by the diminished amount of cortical tissue which had re-
generated by fourteen days. The present work is a study of irradiated 
tissue regenerating over a thirty-day period with special regard to the 
sequence of cell types. It was hoped that the nature of the inhibi tion 
caused ~ x-irradiation might be expressed in changes in the cell types. 
Procedure. One hundred and ten animals were adrenalectomized in 
groups of five. The right adrenal glands were discarded and t he l eft 
adrenal glands were placed in depressions in a porcelain china spot 
plate and moistened with mammalian Ringer's solution. The spot pl ate 
was either kept at room temperature for sixteen minutes or transported 
to the x-ray source. The source was a one hundred and fifty kilovolt, 
eight milliampere, water cooled tube with inherent filtration equi-
valent to one half millimeter of aluminum. A dose rate of one hundred 
and twenty-five roentgens per minute was attained by means of one 
hundred and forty-five kilovolts and six and four tenths milliamperes 
at a target distance of nine inches and this dose rate was checked be-
fore each x-ray exposure with a Victoreen r-meter (Model 70). The 
spot plate bearing the excised adrenal glands was centered beneath the 
x-ray tube and irradiated for sixteen minutes at one hundred and 
twenty-five roentgens per minute and thus received a total dose of 
two thousand roentgens. After the irradiation or control period, each 
adrenal was bisected and autotransplanted to the dorsal musculature. 
The total time the glands were out of the body did not exceed forty 
minutes. 
Forty-five animals bearing in vitro control transplants and sixty-
five animals bearing transplants irradiated in vitro were sacrificed 
according to the following schedule. Five controls and five experi-
mental animals were sacrificed on each of days two, three, four, seven, 
eight, nine, fourteen, twenty-one and thirty. Ten additional animals 
with irradiated transplants were killed on each of days two and three 
after transplantation. 
Th~ transplants were processed and stained as described and ana-
lyzed for cell depth, cell type and per cent take. 
Observations 
The major differences observed during regeneration of in vitro 
control and in vitro x-irradiated adrenal glands are changes in the 
rate of transplant growth and in the persistence of each of the cell 
types. The mean total depths of regenerated cortex and the depths of 
each type for these two groups over a thirty-day period are tabulated 
in Table II. The cell depths of the immediate transplants reported in 
Table I in the previous section are repeated in Table II to facilitate 
comparison. The total depths of cortical tissue regenerated by 
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x-irradiated adrenal glands is significantly reduced from that of in 
vitro control adrenal glands from the ninth through t he thirtieth day 
after implantation. There is no real difference in the total depth 
of in vitro control transplants and immediate transplants at any time. 
The total depths of these three groups are plotted in Figure 28A and 
the resulting curves of transplant growth clearly show the re.tardation 
in growth rate induced by in vitro x-irradiation. 
The values marked in squares in Table II represent the maximum 
depth attained by each cell type during the time it persisted in the 
cortical mass. In immediate transplants, granular cortical cells 
reached a maximum depth on the fourteenth day after implantation and 
then diminished as transformation to mature cortical cells occurred. 
Mature cells were the predominant type on the twenty-first day. In 
transplants of in vitro control glands, however, granular cortical 
cells did not attain a maximum depth until twenty-one days and per-
sisted as the predominant type through the thirtieth day. At this 
time there were far fewer mature cells than there were in the im-
mediate transplant at 21 days. This indicates a delay 1n the matura-
tion of granular cortical cells of the in vitro controls. Figure 28B 
shows the curve of the sequence of cell types of the in vitro controls 
transposed to the same axis as the similar curve for the immediate 
transplants. The persistence of granular cells as the predominant 
type through the thirtieth day and the delay in the accumulation of 
mature cells is clearly seen. 
Transplants of x-irradiated adrenal glands appeared to be the most 
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immature of all groups at fourteen days, since at that time transitional 
and empty cells were still present together in the small cortical mass. 
These immature cells disappeared from the slowly growing parenchyma by 
the twenty-first day at which time granular cells had become predominant 
but of small volume compared to those of in vitro controls. Granular 
cells remained predominant through the thirtieth day and the few mature 
cortical cells which were present at that time represented only a small 
fraction,of the total mass and had attained far less depth than the 
mature cells of the in vitro controls. The curve of the sequence of cell 
types of the in vitro x-irradiated glands is also transposed to the 
common axis in Figure 28B in order to facilitate comparison with the 
cell types of the in vitro controls and the immediate transplants. 
Comparison of these curves with the curves of transplant growth in the 
adjacent Figure 28A shows that the marked retardation of cell types of 
the in vitro x-irradiated glands is associated with a marked retarda-
tion in the growth rate of the whole transplant, whereas the delay in 
maturation of granular cells of the in vitro control glands is not 
accompanied by a reduction in the total growth rate. 
The tabulation of per cent take in Table III for in vitro controls, 
in vitro x-irradiated glands and immediate transplants reveals a 
large reduction which occurs on the second and third day after im-
plantation in the x-irradiated group. This deviation from the con-
trols which probably indicates that x-irradiation reduces the mass of 
viable tissue available for beginning regeneration, is fully described 
in the discussion. 
TABIE II 
' 
MEAN CELL DEPTHS 
IMMEDIATE CONTROLS, IN VITRO CONTROLS a IN VITRO X-RAYS 
~ . STATIC TRANSITIONAL EMPTY GRANULAR ADULT TOTAL DEPTH Q--;' ~YS~ IMC I VC I VX IMC IVC IVX IMC IVC IVX IMC IVC IVX IMC IVC IVX IMC IVC IVX 
~ 2.5 3.6 2 !ill 2.2 6.2 
rw 4.7 5.7 
1.3 3.0 4.0 
3 6.3 5.6 1.5 9.7 
3.6 2 .8 3.0 5.8 
1.0 6.5 7.5 4 2.5 7.5 8.0 9.7 
4.0 2 .0 3.3 6.5 
2 .6 6 .3 9.3 
7 3.7 l13.2l 8.6 13.7 
2 .0 0.7 1.0 5.0 
3.0 ~ 16.5 8 8.0 ~2.0l 1.6 13.0 
l9.0l l10.4l 10.0 
~ 12.2 21.0 9 5.8 4.4 18.0 
3 .7 8.8 4.2 
11.7 ~ f41.2 
14 26.4 28.0 4.2 5.0 1.4 12.6 
22.5~ ~32.0 65.0 21 4. 64.0 
8.8 1.0 16.0 
-30 61.2 lW] - 88.0 
lilll 2.3 37.3 \..rl 
\..rl 
Age in 
days 
2 
3 
4 
1 
8 
9 
14 
21 
30 
TABLE III 
PER CEN TAKE OF IN ~ CONTROL, !!! VITRO X-IRRADIATED 
AND IMMEDIATE TRANSPLANTS 
In vitro Immediate 
x:Yrraciiated Transplants 
(4/5)* 26 (4/15) 66 (2/3) 
(5/5) 40 (6/15) 80 (4/5) 
1 (5/5) 100 (5/5) 100 (3/3) 
(4/5) 80. (4/5 ) 100 (2/2) 
1 (3/3) 60 (3/5) 100 (2/2) 
(5/5) 80 (4/5) 100 (5/5) 
(5/5) 100 (5/5) 80 (4/5) 
(5/5) 100 (5/5) 80 (4/5) 
(4/4) 100 (3/3) 
* 
Ratios in p entheses represent the number of animals with 
regeneratio . out of the number of animals autopsied . 
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COMPARISON OF MEAN TOTAL DEPTHS COMPARISON OF SEQUENCES OF CELL TYPES 
• 
~ 
16 20 24 30 4 8 
DA'fS AFTER TRANSPLANTATION 
THE GROWTH 6 SEQUENCE OF CELL TYPES 
DURING ADRENOCORTICAL REGENERATION IN 
· IMMEDIATE CONTROLS, IN VITRO CONTROLS & IN VITRO X-RAYS 
Figure 28 A Figure 28 B 
• 
30 
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C. THE CYTO OOICA.L RESPONSE OF YOUNG ADRENAL TRANSPLANTS TO A LETHAL 
DOSE OF WHOLE BODY X-IRRADIATION 
erimental 
The present study was designed to determine whether 
two-day old adr nal transplants, which consist predominantly of static 
s, or four-day old transplants, which consist pre-
dominantly of t ansitional glomerulosa cells, would respond to a 
severe bodily s ress such as whole body x-irradiation by advancing in 
cell type. 
Procedure. Sixty-eight rats were bilaterally adrenalectomized and 
the left adrena gland was autotransplanted to the dorsal musculature 
in each animal. .Ql the second day after transplantation seventeen rats 
were placed one at a time in a small carboard box which gently confined 
the rat to a re tricte space. The cover was taped in place and the box 
was centered un er the x-ray tube at nine inches target distance and 
irradiated for ixteen minutes at 125 roentgens per minute, thereby de-
livering a dose of two thousand roentgens to the whole body of the rat. 
Seventeen other rats bearing transplants two d~s old were placed in 
small confining boxes for sixteen minutes but were not x-irradiated. 
These animals s rved as controls for the x-irradiated group. Fifteen 
controls and fi .teen irradiated rats were sacrificed twenty-four hours 
after the exper~ental period and their transplants were removed for 
eytological stu. y. Two control and two irradiated rats were allowed to 
live in order t . obtain information on the lethality of the dose. 
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Thirty-fo , additional rats were similarly x-irradiated or treated 
as controls on he fourth day after transplantation and were sacrificed 
in a similar ma ner twenty-four hours after the experimental period. 
Two irradiated nd two control animals from this group were also 
allowed to live 
Observations 
Lethality f the dose. All irradiated animals died within three 
days and this i in good agreement wit.h studies by Whitney (19.53, un-
published data) 2000 r whole body x-irradiation. 
Characteri tics of cell types. Table W shows the per cent of 
animals with ea type out of the total number of animals with re-
generation in t o- and four-day old control and x-irradiated groups. 
These data show that only thirty per cent of four-day old control 
animals with re · eneration have empty cells whereas these cells occur 
in seventy per ent of t he four-day old x-rayed animals with re-
generation. 
Table V ows the mean cell depths of each type and the mean 
total cell dept s of regenerated cortex in two- and four-day old 
x-rayed and con rol groups. No increase in total cell depth occurs in 
either x-irradil ted group, but the mean cell depth of empty cells is 
approximately d~ubled in the transplants of four-day old x-irradiated 
animals as comp red with controls. The mean cell depth of transitional 
cells appears s ightly diminished in the x-irradiated four-day old 
animals as comp red with controls. 
60 
The slight decrease in depth of transitional cells, the incr ease 
in depth of emp y cells and the increase in the per cent of animals 
with empty cellf are all facts which indicate that whole-body irradia-
tion (2000 r) slimulates transitional cells to transform into empty 
cells more rapi ly than in controls . Although the total cell depth 
did not increas I, this probably is due to the fact that tissues were 
removed and fix d before newly formed empty cells could begin active 
proliferation. Since similar changes were not observed in x-irradiated 
animals bearing two-day old transplants, it appears that static cells 
do not respond o severe bodily stress. 
This exper ent should be supplemented by preparing animals in 
which the adren 1 transplant regions are shielded with lead strips 
during whole bo y x- irradiation. Comparison of these transplants with 
the two groups 1escribed above would indicate whether x-irradiation has 
any direct effe .t on the ability of static and transitional cells to 
respond to stre s. 
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TABLE IV 
PRESENCE OF CELL TYPES IN TWQ- AND FOUR-DAY OLD TRANSPLANTS 
24 HOURS AFTER 2000 R WHOLE-BODY X-IRRADIATION 
Age 
{days) 
2 
4 
N ber of Treatment Per cent of animals showing 
ani als with each cell type 
Static Transitional Empty 
9 Control 90 (8/9)* 100 (9/9) 0 
10 X-irrad. 90 (9/10) 80 (8/10) 0 
13 Control 30 (4/13) 100 (13/13) 30 (4/13) 
10 X-irrad. 40 (4/10) 90 (9/10) 70 (7/10) 
*Rat, os represent the number of animals with each cell type 
out of the total number of animals with regeneration. 
Age 
(days) 
2 
4 
TABLE V 
MEAN 'ELL DEPTHS OF '!Wo- AND FOUR- DAY OLD TRANSPLANTS 
24 HOURS AFTER 2000 R WHOLE BODY X- IRRADIATION 
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Treatient Per cent Mean cell deEth of each type Mean total 
t ake Static Transitional ~ cell depth 
Coot+ 60 (9/15)* 2. 6 2. 6 0 5.1 
X-irrr · 66 (10/15) 2.1 2. 9 0 4.8 
86 (13/ 15) 0. 53 4. 7 o. 84 6. 0 Contr 1 
X-irr d. 66 (10/15) 0. 9 3. 8 1.7 6. 0 
* Ratios represent the number of animals with regeneration 
out of the number of animals autopsied. 
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DISa.JSSION 
A. The sequence~ of cell types 
Cellular o · ins and spatial distribution. There is general a-
greement that enocortical tissue regenerates by centripetal pro-
liferation afte transplantation or enucleation (Ingle and Higgins, 
1938; Bailiff, 1939; TUrner, 1939; Butcher, 1948; Everett, 
1949; Baxter, 1 l6; Greep and Dean, 1947; Brenner et al, 1953). The 
periphero-centr 1 direction of growth is thought to be mechanlcally de-
termined by the rapid proliferation of cortical cells beneath the capsule 
concomitant wit phagocytic reabsorption of the central necrotic areas, 
. 
and is accompan ed by an ingrowth of blood vessels from the periphery. 
Disagreement e 'sts, however, concerning whether capsular connective 
I have describe some of the various opinions in the revie1-v of the 
literature, but further discussion is necessary to relate my observa-
tions to those ·f others. 
To the bes of my knowledge, Greep and Deane (1949) are the only 
investigators o her than myself who have studied Sudan Black B stained 
lipid dropletsln frozen sections of regenerating adrenocortical 
tissue. Willi s (1945) and Hou (1929) studied the lipid droplets in 
living cortical cells transplanted to the rabbit's ear, but all other 
investigations ere histological studies of paraffin embedded tissue 
from which all ipid had been dissolved. Baker and Bailiff's (1939) 
description of he transformation of capsular elements into cortical 
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parenchyma was on a study of enucleated adrenal glands which had 
been fixed in B , ·n's fluid, imbedded in paraffin and stained with 
Mallory's connec ive tissue stain . Their description is briefly re-
stated here sincl it is typical of many similar reports . According to 
Baker and Bailif (1939) the plane of mitosis of capsule cells rota-tes 
ninety degrees om the plane of the capsule shortly after enucleation 
as centripetal oliferation of capsule cells begins . 'rhe migrating 
cells are charac erized ~ the presence of small drops of lipid which 
first appear at side of the nucleus. These early cortical cells en-
large, become r and accumulate more lipid. Migration carries them 
inward and they orm a zona glomerulosa from which the inner cortical 
zones proliferat • The lipid droplets observed in capsule cells by 
Baker and Bailif , however, could only have been vacuoles which were 
assumed to have een occupied by lipid prior to tissue processing. 
Greep and Deane 1949) studied the lipid droplets of regenerating 
enucleated gland in formalin fixed frozen sections and reported that 
from one to eigh days after enucleation the connective tissue cells of 
the capsule were enlarged and vacuolated but contained no lipid. No 
conversion of ca sule cells to parenchymal cells was observed. Regenera-
tion stemmed ly from residual zona glomerulosa cells which had ad-
hered to the ule and which r,.;ere characterized by the presence of 
large lipid drop ' ets. These droplets p~sappeared from the residual 
parenchyma as mi osis and centripetal migration of the cortical cells 
progressed, and ight days after enucleation a cortical mass was present 
with fascicles w ich averaged twenty cell s in length. Lipid droplets 
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reappeared in t e outermost cells of the cortical mass at this time, 
spread down the ascicles and attained a normal concentration and dis-
tribution by on month, at which time the zona glomerulosa, zona f as-
ciculata and zo a reticularis were reestablished. 
Some of my bservations on regenerating adrenocortical trans-
plants do not a~ee with Greep and Deane's (1949) description of enu-
cleated adrenal,llands . For example, the capsule cells of adreno-
cortical transplants have lipid droplets in their cytoplasm for several 
days after impl:ttation. The droplets are usually concentrated at 
opposite poles! the spindle shaped fibroblasts, and they disappear 
from the cells . ten days after implantation. No conversion of fibro-
blasts to corti al cells was observed, however, and t he lipid droplets 
t.fere probably ndt endogenous but ingested by phagocytic action. An 
intramuscular t ansplant undergoes mechanical trauma during and af ter 
implantation an the capsule cells are presumably bathed in fat oozing 
out of the cent 1 necrotic zones . Since an enucleated gland undergoes 
less trauma and as no central zone of fatty degeneration its capsule 
would not show p agocytic activity. 
The large ipid droplets described by Greep and Deane which appear 
in glomerulosa ells one day after enucleation may be typical of either 
static or trans"tional cells . The photomicrograph (Figure 7, Greep and 
Deane, l949~) of the subcapsular area showing viable glomerulosa tissue 
one day after e ucleation is too low in magnification (100 X) to de-
termine whether the residual cortical cells are static or transitional. 
The living cortical cells containing large lipid droplets in 
enucleates are pparently not pushed centrally by rapidly proliferating 
descendants but simply lose their lipid and become part of the de-
veloping cortex My figure 25 (!• ~·) is a diagram representing the 
effect of centr petal proliferation on the spatial distribution of 
cell types in a , enocortical transplants . The diagram shows that the 
cells closest t the capsule and the ingrowing blood vessels could pre-
sumably receive blood richest in ACTH and oxygen. Since ACTH regu-
lates adrenocor ical regeneration (Ingle, 1951) the most peripheral 
cells would be timulated to differentiate and begin mitosis sooner 
than more dist-tt cells. This results in the phenomenon of parent cell 
types being pus ed in the direction of growth by younger descendant 
types . The spa ial distribution of cell types from the capsule inward 
is therefore th opposite of the temporal distribution and empty, 
transitional ani static cells are often seen in consecutive order be-
neath the capsu e, whereas they arise in the temporal order of static, 
transitional an empty cells . This phenomenon is not unusual in de-
velopmental me anics . The movement of Henson's node in response to 
proliferation o cells originally derived from the node is an analo-
gous situation hich occurs during avian ontogeny. 
throughout the ody of an adrenocortical transplant between fourteen 
and twenty-one r ays, and does not spread down the length of the cortical 
fascicles as is the case for enucleated adrenal glands. 
In summaryj after either enucleation or transplantation of the 
adrenal gland t e cells of the zona glomerulosa enter a state of low 
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secretory rate, nd serve as stem cells for the proliferation of a new 
cortical parench a. The distribution of lipid in the regenerating 
mass in the late stages of regeneration appears to be different in the 
two cases . 
Cellular li id and cellular function . Many workers have described 
during inactivit (Dalt on, 1944; Sarason, 1943; Selye, 1937; Deane, 
adrenocortical cllls hypertrophy during periods of stimulation their 
lipid droplets Jbecome small, increase in number and may eventually 
disappear. Con ersely, inactivity or depression of function causes a 
cellular atroph and the droplets enlarge, become few in number and may 
ear. The diagram is not clear, however, as to whether 
cell is secreting rapidly or whether it is in an 
exhausted state. Moreover, the diagram does not emphasize differences 
which presumabl] exist between empty cells which result from atrophy 
and those which result from hypertrophy. 
The relati e secretory rates of the empty, hypertrophied cells 
seen during adr nocortioal regeneration (empty cortical cells) as well 
as the relative secretory rates of the other cell types can be deduced 
by comparing th, ir cytological appearance with the known functional 
capacities of t ansplants of various ages . Komrad and Wyman's studies 
(1950) indicate that there is a progressive increase in the abili ty of 
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regenerating tr nsplants to protect rats from exposure to cold. Some 
protection occu red at ten days at which time rats bearing adreno-
cortical transp ants . could maintain their body temperature at normal 
levels during a four hour exposure to a temperature of zero degrees 
centigrade. Hi ta~ne tolerance tests indicated some functional 
capacity at fiv days with a progressive increase in function to a 
maximum at ten ,ays after implantation. 
Since tran itional glomerulosa cells are predominant between three 
and six days po t-implantation and since protection against histamine 
is measurable a five days and protection against cold at seven days, 
it is presumabl that transitional glomerulosa cells are secreting 
adrenocortical ,ormone at slow rates . Empty cortical cells are predomi- · 
of maximum functional capacity so it is probable that 
these empty eel s are secreting adrenal hormones although no lipid 
ible in the cytoplasm. . Presumably these cells are 
empty because t ey are secreting so rapidly that no storage can occur. 
The demand for ortical hormone per cell and the secretory rate of 
each cell would re'S.umably be reduced as the total number of cortical 
cells in the re enerating mass increased from the tenth to the twenty-
first day after implantation . The reduction in secretory rate would 
be accompanied Jr increased storage of lipid in the form of small drop-
lets and spherojo complexes as in granular cortical cells at fourteen 
days . The no~l size and distribution of lipid droplets and spheroid 
complexes which re found in mature cortical cells at twenty-one days 
probably indica es that the regenerated mass attains normal secretory 
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rates at this t• e. 
The possibllity exists, however, that the acaumulation of spheroid 
complexes and l i pid droplets in the cytoplasm of regenerating cortical 
cells is represlntative of cellular differentiation and may be only 
partially relat~ to secretory rate. 
Spheroid cpmplexes and ~ Golgi a£Paratus. Conflict is still 
prevalent in thb literature concerning the real or artifactual nature 
of the internal reticular apparatus described by Golgi (1698). An 
early opinion t at the internal reticular apparatus was : an artifact 
was voiced b.Y Pr rat (1928). He described vacuoles that were stainable 
with neutral ref in living cells and suggested that the heavy metallic 
salts ordinaril used to demonstrate the Golgi apparatus precipitated 
between the sur aces of the neutral red vacuoles and created an ar-
tificial conflul nt network in the cytoplasm. 
Rec~~t work tends to support Parat 1s hypothesis. Baker (1944) 
described a po~sperse cytoplasmic system of vacuoles and lipid 
droplets within I which sp ,;.heroid complexes formed. He suggested that 
this system of Ipheroid complexes which was stainable with Sudan Black 
B, represented he true nature of the Golgi apparatus in living cells 
and that the ne work appearance was a precipitation effect. Thomas 
(1947) observed a similar polydisperse s,rstem of spheroid complexes in 
living neurones of Helix by use of phase microscopy. He studied the 
action of metalt ic salts on the system and observed the formation of an 
artificial netwrrk due to precipitation on the surfaces of spheroid 
complexes and "tochondria. Palade and Claude (1949) described the 
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formation of my lin like fibers from a system of spheroids which could 
be stained by S dan Black B. 
Cain and H rrison (1950) suggested that the spheroid complexes 
seen in adrenoc rtical cells represented the true state of the Golgi 
apparatus in th adrenal and that the sudanophobic core represented 
a growing granule of secretion similar to the internum of the Golgi 
apparatus origiJally described by Hirsch (1939) . Bourne (1934) des-
cribed the Golgj apparatus of the adrenal cor tex of the opossum as a 
compact perinu ear cap, when stained by the Da Fano silver method. 
Reese and Moon 1938) studied the Golgi apparatus of the adrenal cortex 
of the rat afte hypophysectomy and after administration of ACTH. The 
perinuclear cap of argentophilic substance showed marked hypertrophy 
after administr Strands of the reticulum ~ncreased in 
thickness and r ·fied throughout the cytoplasm. In hypophysectomized 
rats, however, he apparatus became atrophied, thin and localized. 
The behavi r of the spheroid complexes of adrenocortical cells in 
intact adrenal lands does not support the contention that they are i-
dentical with t e Golgi apparatus as seen in Da Fano silver prepara-
tions . e administration of ACTH the spheroid complexes of 
fasciculata eel s of intact adrenal glands become small, highly subdi-
vided and somet· es disappear. It seems unlikely that the extensive 
mass of argent hilic substance observed by Reese and Moon (1938) after 
ACTH administra could result from precipitation on sur faces of 
subdivided as to be invisible. During adrenocor-
tical regenerat·on the spheroid complexes first appear as tiny cyto-
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plasmic spheres in rapidly secreting granular cortical cells and pre-
cipitation on s ch a small amount of lipid material would probably not 
create the hea ramifying strands which Reese and Moon state are char-
acteristic of r pidly secreting cortical cells . There is no specific 
study of the Go gi apparatus in regenerating cortical cells, however, 
and such an inv stigation would provide interesting data for comparison 
with the lipid nclusions in the different cell types . In summary, 
there is eviden e that the true state of the Golgi apparatus in many 
cells is a syst of spheroid complexes, but the evidence available for 
the validity of this contention in the case of the adrenal cortex is 
not conclusive. 
B. The effects of in vitro x-irradiation. 
Ionizing r diations produce oxidizing radicals which interfere with 
the coherence o many important enzyme systems in cells . Such inter-
ference may res t in cell death (Fogg and Gowning, 1951; Reid and 
Gifford, 1952), suppression of mitosis (Hevesy, 1952; Zirkle, 1952) or 
lasting changes in metabolic efficiency (Tobias, 1951; Alper and Ebert, 
1954) . These e ents may occur singly or in combination and an under-
standing of the role of each is essential for a complete understanding 
of the inhibitifn of adrenocortical regeneration b,y x-rays . These 
factors would d~terrnine the number and the mitotic capacities of the 
viable cortical cells available to begin regeneration as well as their 
ability to esize cortical hormones . The cytological study of x-
irradiated al glands described in this report has not served to 
72 
separate clearl the phenomena of cell death, mitotic inhibition or 
change in metab efficiency, but the results can be discussed from 
this point of 
The total depth measurements made on irradiated and control 
implants three days after implantation do not reveal any de-
crease in mass ·n the x-irradiated group (Table II, Figure 28A). How-
ever, this obse ation must be considered in connection with the very 
low per centage of take sho1m in animals with transplants of x-irra-
diated adrenal lands on the second and third day after implantation. 
take on the second and third days is based on a de-
termina.tion of t) e number of animals with static and transitional cells 
and since ninet~ hundred per cent of animals with x-irradiated 
glands days show regeneration, the anomaly exists that 
static cells a lower per cent take than do the cells derived from 
them later. e are two possible explanations for this phenomenon. 
First, in vitro ' -irradiation of the adrenal gland may have induced a 
a glomerulosa cells so that after implantation the,y 
form other than static cells. Such "altered static" 
cells would prob bly not be recognized as viable cells and transplants 
bility was thor 
day old irradiat 
second possible 
recorded as having no regeneration. This possi-
investigated by reanalysis of all two and three 
t ransplants, but no such cell type was seen. The 
lanation is that x-irradiation may have destroyed 
a large amount o, viable cortical tissue, and since frozen sections 
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were randomly s lected from the population of sections of any gland, the 
probability wou d be high that sections with viable tissue were not 
selected for st ining. The cell depth measurement does not include an 
estimate of the lateral extent of a regenerating mass and may be a mis-
leading index of the amount of residual cortical tissue prior to 
active centripe a1 proliferation. '!his problem can only be resolved 
by preparing se ial sections of two and three day old irradiated and 
control transpl nts and by making planimetric determinations of the 
actual volume. I have already begun such a study. 
Wyman, Whi ney, Griffin and Patt (1954) reported that the mitotic 
index of irradiated transplants at fourteen days was significantly re-
duced as compa~ed with controls , The total cell depth measurements 
reported here ' (Table II) indicate that irradiated glands grow slower 
than controls rom the ninth day after implantation, but mitotic in-
dices should b determined for irradiated and control transplants in 
growth rate . have also begun a mitotic study of this nature. 
The study of the sequence of cell types has revealed that the in 
vitro control rocedure causes a delay in the maturation of granular 
cortical cells Apparently some cytological damage occurs during the 
forty minute p riod ~orhile the adrenal gland is separate from the body 
and bathed in ammalian Ringer ' s at room temperature. This damage does 
not affect the growth rate of in vitro control transplants, but pre-
vents granular cortical cells from accumulating lipid droplets and 
spheroid compl xes. This defect of the granular cells appears to be a 
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direct effect f the in ~ control procedure . 
The retard tion in the development of the sequence of cell types 
observed during regeneration of adrenal glands x-irradiated in vitro 
is consistent w th the observed retardation of total grmvth. Although 
adequate mitoti studies are not available, the mitotic rate of empty 
and transitiona cells of adrenal glands x- irradiated in vitro is pre-
sumably lower o the ninth day after transplantation than in controls, 
since the retar ,ation of growth appears after that time . Slow growing 
empty and trans tional cells are thus found together as late as the 
fourteenth day fter implantation in irradiated glands, and the mitotic 
index of this t l ssue is known to be significantly less than that of 
controls (Wymanf et al, 1954) , The persistence of empty cells is 
probably also rrlated to the high secretory rate which would presumably 
be characterist c of the small cortical masses which regenerate ~ter 
in vitro x-irra iation. The predominance of granular cortical cells on 
the thirtieth d y in the transplants of x-irradiated adrenal glands 
apparently indi ·ates that the secretory rates of these cells is still 
high. 
Goldman (1 55) has measured the functional capacity of x-irradiated 
adrenal glands n the fourteenth day after transplantation. Animals 
~th such trans lants were found to be similar to adrenalectomized ani-
mals in regard o the stress of water intoxication, whereas animals with 
stress . Goldm concluded that the inability of the x-irradiated trans-
e enough cortical hormone for protection against water 
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intoxication wa not a direct effect of x-irradiation but an indirect 
effect related o the small amount of cortical mass which had regen-
erated by the f urteenth day after irradiation. This contention is 
supported by th fact that empty and transitional cells are predomi-
nant in the fo~teen day old x-irradiated transplant, whereas granu-
lar cells are p edominant in the in vitro controls. The empty cells 
are presumably ecreting at a maximum rate and cannot increase their 
output of corti al hormone in response to a severe stress, but 
granular cortic l cells have accumulated lipid droplets and spheroid 
complexes which presumably contain hormone precursors such as cho-
lesterol and wh ch can be mobilized in response to severe stress. 
c. The respons of static and transitional cells to whole bod x-
irradiation 
Komrad 'yman (1951) report ed that rats with five day old 
adrenocortical ransplants could withstand histamine stress to a more 
significant de ree than adrenalectomized animals. Since transi-
tional cells predominant in adreno cortical transplants from the 
third to the si th day after implantation, it appears that transi-
tional cells secrete adrenocortical hormones at low levels. The 
experiments des results -- section C -- consisted of an at-
tempt to elicit a secretory response of t ransitional and of static 
d be detectable cytologically. Animals bearing trans-
plants two and old were subjected to the severe stress of 
whole body x-ir ( 2000 r). Since this dose was lmown to be 
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lethal within t ree days, this stress could be classed as Type III of 
Sayers s (1949) . A Type III stress is severe, continuous and 
ends in death. ACTH is secreted continuously until death and, in intact 
animals, the enal cortex becomes hypertrophied and depleted of lipid. 
High concentrat~ons of ACTH in animals bearing adrenocortical trans-
plants would prJsumably stimulate a response in any cells capable of 
secret ing . The experiment also tested the hypothesis that the statie 
to transit ional and transitional to empty cell conversions which occur 
during adrenoco tical regener ation are controlled by ACTH. 
The result (Table IV and V) indicate that the transformation of 
transitional ce ls to empty cells can occur in response to a demand for 
cortical hermon and is a secretory change probably controlled by ACTH. 
However, this clnversion occurred only in the four day old transpl ants 
having transitio~al cells and not in the two day old animals having 
transitional ceJ ls . We may reasonably assume that the subcapsular 
areas where tra, sitional cells occur were less effectively vascularized 
in two day tran:rlants than in four day old transplants . If t his were 
so, ACTH might Jot be carried as readily to two day old tra.nsitional 
cells . 
Since static cells do not respond to stress at either two or four 
days after impl tation it seems that the transformation of static 
cells to transi · anal cells is not under the control of .ACTH. This 
transformation is probably best considered as a dedifferentiation pre-
paratory to mito\sis which is unrelated to bodily demand for cort ical 
hormone . 
77 
These concl sions must be considered tentative until the data are 
supplemented wi~ a cellular study of transplants which have been 
shielded with 1 ad during whole body irradiation. 
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SUMMARY AND CONCLUSIONS 
The cellul r characteristics of adrenocortical regeneration were 
studied over a Ilventy-one day period in Wistar rats bearing intra-
muscular autotr nsplants of adrenal glands implanted immediately after 
excision. A s~ilar study was carried aut over a thirty day period in 
rats bearing tr~nsplants of adrenal glands which had been x-irradiated 
(2000 r) in vit~o . Total body x- irradiation (2000 r) was applied as a 
lethal st:ssorl to rats bearing immediate transplants of adrenal 
glands on the s cond and the fourth day after implantation in order to 
determine wheth r the cells present at the beginning of the regenera-
tive process we e capable of responding to stress. 
Following 'nnnediate implantation of the adrenal gland to the 
dorsal musculat e there was an extensive degeneration of the inner 
cortical ~ones . During the next ten to fifteen days the zona fasci-
culata, zona re icularis, and the adrenal medulla were phagocytized 
and reabsorbed y macrophages and polymorphonuclear leukocytes . The re-
generative proc ss began in the zona glomerulosa of the implanted 
adrenal gland ere viable cells were observed to undergo a series of 
transformations hich resulted in the production of a fully dif fer-
entiated cortex. The transformations were characterized by changes in 
the nuclei and · the distribution of lipid so that a sequence of five 
cell types coulJ be recognized. This sequence of types consisted of 
static glomerul,sa cells (one to two days after implantation), transi-
tional glomerulosa cells (three to six days), empty cortical cells 
(seven to ten days), granular cortical cells (eleven to fourteen days) 
and mature cort1Jcal cells (sixteen to twenty-one days). 
Six hours fter implantation the lipid droplets of viable 
glomerulosa eel s enlarged and crowded together to such an extent that 
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nuclei were obs red. These cells were termed static glomerulosa cells 
and were presumj d to be of low secretory and mitotic rate. At three 
days after impljntation the amount of lipid in static glomerulosa cells 
had decreased ~d the nuclei and nucleoli had enlarged. These cells 
were termed tra~sitional glomerulosa cells and were also presumed to 
have low secretlry rates. Between seven and ten days, empty cortical 
cells, devoid ol lipid, arose from transitional cells. Empty cortical 
cells showed th highest mitotic rate and were presumed to have the 
highest secreta y rate. The total regenerated mass increased rapidly 
after the tenth day and granular cortical cells, which were charac-
terized by the resence of small lipid droplets and spheroid com-
plexes, became redominant by the fourteenth day. The accumulation of 
lipid in visibl form in granular cells was presumed to indicate a re-
duction in the ate of secretion. Mature cortical cells, which had 
lipid droplets nd spheroid complexes of adult type, appeared in large 
numbers by the wenty-first day and were assumed to be secreting at 
normal rates. 
X-irradiatJon of the adrenal gland prior to transplantation caused 
a significant rrduction in the total depth of regenerated cortical tissue 
from the ninth through the thirtieth day as compared with in vitro 
controls. Acco panying the reduction in growth was a retardation in 
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the developmen of the sequence of cell t;y-pes . Transitional and empty 
cell s persisted in the slowly growing parenchyma of irradiated glands 
until the fourt enth day whereas in the in vitro controls these cells 
had transformed to granular cells in the same time. Granular cortical 
cells became pr dominant in the t r ansplants of irradiated glands on 
the twenty-firs day and remained so through the thirtieth day. At 
this time few m ture cortical cells were present as compared with in 
vitro controls . This presumably indicates that the secretory rates of 
granular cells ~ transplants of irradiated glands are higher than 
those of in vit~o controls on the t hirtieth day. 
The in ~ procedure itself caused a delay in the mat uration of 
granular cells, since there were far fewer mature cells in the in vitro 
control transpl nts on the thirtieth day t han there were in immediate 
transplants on he tvrenty-first day. This delay in maturation of 
granular cells as not accompanied by a decrease in gr~~h rate and 
was apparently he result of cytological damage incurred during the 
forty minute pe iod while the adrenal gland was kept in mammalian 
Ringer ' s at roo~ temperature prior to transplantation. 
Rats beari~g immediate transplants were subjected to total body 
x-irradiation oj the second or the foliTth day after implantation. 
Seventy per cen of the animals irradiated on the fourth day exhibited 
empty cells twe ty-four hours later whereas only thirty per cent of the 
control animals had empty cells at that time . Those which were irra-
diated on the s cond day, however, still contained transitional cells 
twenty-four hou s later. Also, the depth of empty cells was approYi-
mately doubled hile the depth of transitional cells was diminished in 
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the transplants of animals irradiated on the fourth day. These changes 
did not occur in the transplants of animals which were irradiated on 
the second day. This may indicate that two day old transitional cells . 
are not sufficient ly differentiated to respond to ACTH, or it might 
indicate that the subcapsular areas where two day old transitional 
cells occur were less effectively vascularized than ,at four days . 
If this were so ACTH might not be ca~ried as readily to two day old 
transitional cells . The transformation of transitional cells to empty 
cells observed in the transplants irradiated on t he fourth day indi-
cates that transitional cells can respond to ACTH. 
The static cells present on the second and fourth day after im-
plantation were not affected by t he stress of total body x-irradiation. 
This seems to indicate that static cells are not responsive to ACTH at 
any time . 
The results of t hese experiments with total body x- irradiation 
must be considered inconclusive, however, until the data are supple-
mented qy preparing animals in which the adrenocortical transplants 
are sh1elded with lead dur1ng irradiation. 
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ABSTRACT 
The results presented in this dissertation were obtained from three 
related studies of adrenocortical regeneration which may be character-
ized as follows : the cytolo~J of (a) adrenocortical regeneration after 
immediate autotransplantation, (b) adrenocortical regeneration after 
in vitro x-irradiation of the adrenal gland and (c) the response of 
young autotransplants to a lethal dose of whole body x-irradiation . 
Experimental procedures 
a. Immediate autotransplantation. Sixty- four male albino rats of 
the Wistar strain weighing between ninety and one hundred grams were bi-
l aterally adrenalectomized by the dorsal route und er ether anesthesia . 
Both adr enals were bisected and immediately autotransplanted to pockets 
in the dorsal musculature. All animals were given one per cent saline 
drinking water for the entire experimental period and Purina Laboratory 
Chow was fed ad libitum. These animals were sacrificed and their trans-
plants removed for study over aa twenty-one day period as foll~vs : 
three r ats on each of days one, two, f our, five, seven, eight, ten and 
eleven after operation; and five rats on each of days three, six, nine, 
twelve, fourteen, sixteen, eighteen and twenty-one. ::m addition, trans-
plants were removed from two animals killed at six hours and two at 
twelve hours after operation. Ten normal animals in the same weight 
range were killed and their adrenal glands removed for compar i son with 
regenerating transplants . lUl tis sues l·lere fixed in ten per cent 
neutral formalin for a minimum of two weeks . 
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After fixation the tissues were embedded in gelatin, sectioned 
five microns in thickness by the freezing method, mounted on albumi-
nized slides and stained first for three minutes in Mayer's hemalum 
and then for four minutes in a filtered, saturated solution of Sudan 
Black B i n seventy per cent alcohol. The tissues were analyzed for 
cell depth, cell type and per cent take (Wyman et al, 1954). 
- --
b. X-irradiation of the adrenal gland in vitro. One hundred and 
ten animals were adrenalectomized and the left adrenal gland of each 
was placed in mammalian Ringer 's and either held there for s i xteen 
minutes at room temperature or irradiated with t;w thousand roentgens 
given at a dose rate of one hundred and twenty- five roentgens per 
minute ( the x-ray source was run at one hundred and forty- five kilo-
volts and sLx and four tenths milliamperes with a target distance of 
nine inches). After the irradiation p eriod or the control period the 
adrenal gland was bisected and autotransplanted t o the dorsal museu-
lature . 
Forty-five animals bearing in vitro control transplants and sixty-
five animals bearing in vitro irradiated transplants were sacrifi ced 
according t o the following schedule : five control and five experimental 
animals on each of days t>vo, three, four, seven, eight, nine, fourteen, 
t -v;enty-one and thirty. Ten additional animals with irradiated trans-
plants 'irere killed on each of days two and three after transplantation. 
The transplants were removed, processed and stained as described (!• ~ · ) 
and analyzed for cell depth, cell t ype and per cent take. 
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c. Whole body x-irradiation . Thirty- four rats ~nth two day old 
transplants and the same number of rats 1vith four day old transplants 
were placed in small confining boxes and either held ther e for sixteen 
minutes as controls or given a total body x- ray dose of two thousand 
roentgens . All animals were sacrificed twenty- four hours after the 
control or experimental period and thei r transplants removed for study. 
Tissues <vere processed and analyzed as described above . 
Observations 
a . Regeneration afte~ immediate transplantation. 'l'he cells of 
the zona glomerulosa survived after impl antation and undervJent a series 
of transformations which resulted in the production of a fully differ-
entiated cortex by the twenty-first day. The transformations involved 
characteristic changes in the nuclei and the distribution of lipid so 
that a sequence of five cell t ypes could be recognized, including, in 
order , "static" glomerulosa cells (one to t-vw days after implantation), 
"transitional" glomerulosa cells (three to six days), 11 empty11 cortical 
cells (seven to ten days) , 11granular11 cortical cells (eleven to four-
teen days) and mature cortical cells (sixteen to t1·1enty- one days) . 
Immediately after implantation the lipid droplets of glomerulosa 
cells enlarged and crmvded together to such an extent that nuclei v.rere 
partially obscured . The hemalum staining of those nuclei which were 
visible was characteristic of cells that are viable . These cells were 
generally arr anged in small patches around blood vessels in the sub-
capsular area. They were termed static glomerulosa cells because they 
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appeared to be in a resting or static state prior to growth and differ-
entiation. 
Three days after implantation, coincident with increased blood 
vessel grmvth in the capsular area, the amount of lipid in groups of 
static cells nearest the capsule decreased . Their nuclei were no 
longer obscured by a mass of lipid but a few large intensely stained 
droplets 1-vere seen against a gray-green background of cytoplasm. The 
nuclei vlere spherical and each contained a single , enlarged nucleolus. 
These cells were termed transitional glomerulosa cells since they re-
present a stage through whi ch static cells pass preparatory to mitosis 
and centripetal migration . 
At seven days, groups of transitional cells directly beneath the 
capsule lost all their cytoplasmic lipid and became empty cortical cells . 
The nuclei remained large and spherical with a single l arge nucleolus . 
These cells had the highest rate of mj.tosis and the total depth of re-
generated cortex increased rapidly after empty cortical cells appeared. 
Lipid droplets and spheroid complexes reappeared in the regen-
erating tissue between the eleventh and the fourteenth day, but since 
these lipid forms 1'1Tere finer and more sparsely distributed than those 
of adult glands, the cells in which they appeared were termed granular 
cortical cells . Granular cells were found in a spatial arrangement 
similar to that of adult glomerulosa and fasciculata . 
Increasing numbers of cortical cells became mature between sixteen 
and twenty- one days . Mature glomerulosa cells had lipid droplets 
grouped in clusters, mature fasciculata cells had spheroid complexes of 
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adult size and distribution, and mature reticularis cells contained very 
l arge spheroid complexes . 
Empty cortical cells were assumed to be secreting adrenal hormones 
at a maximal rate and the appearance of lipid in granular cells was con-
sidered an indication of decrease in the secretory r ate . Hature cor-
tical cells 1-1ere assumed to be secreting at normal rates . 
b . The effect of in vitro x-irradiation . The total depth of cor-
tical tissue regenerat ed by adrenal glands which had been x-irradiated 
in ~ was significantly reduced as compared with the ~ vitro controls 
from the ninth through the thirtieth day after implantation. Accom-
panying this reducti on in growth rate was a retardation in the develop-
ment of the sequence of cell types . Transitional and empty cells re-
mained in the slowly gr~wing parenchyma of irradiated glands until t he 
fourteenth day, whereas in the in vitro controls these cells had all 
been transformed into granular cortical cells in the same time. 
Granular cells became predominant in the regenerated parenchyma of 
irradiated glands by the twenty- first day but attained a smaller 
depth than those of in vitro controls . They remained predonunant 
through the thirtieth day. A fe1v mature cortical cells were present at 
that time but they represented only a small fraction of the total mass 
and had attained far less depth than those of the ~ vitro controls . 
This presumably indicates that the secretory rates of granular cells 
in transplants of irradiated glands are higher than those of in vitro 
controls on the thirtieth day . 
Comparison of the sequence of cell types of in vitro controls 
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with that of the immediate transplants revealed that the in vitro con-
trol procedure itself caused a delay in the maturation of granular 
cells. In immediate transplants the depth of granular cortical cells 
attained a maximum on the fourteenth day and then diminished. Mature 
cortical cells lvere the predominant type on the twenty-first day. In 
the in vitro controls, however, granular cells persisted as the pre-
dominant type through the thirtieth day and far fewer mature cells were 
present at that time than in L~ediate transplants at twenty-one days. 
This delay was not accompanied by a retardation in grovJth rate of in 
vitro controls and was therefore considered a direct effect of the con-
trol procedure. 
c. The effect of whole body x-irradiation ~ immature transplants. 
Seventy per cent of the animals subjected to total body x-irra-
diation on the fourth day after implantation had empty cells in their 
transplants te;renty-four hours after the time of x-irradiation, but 
these cells 1-rere present in only thirty per cent of the controls at 
that time. Also, the depth of e~pty cells was approximately doubled 
while the depth of transitional cells was diminished in the transplants 
of the animals irradiated on the fourth day. These changes did not 
occur in the transplants of the animals irradiated on t he second day. 
This seemed t o indicate that either the two day old transitional cells 
were not sufficiently differentiated t o respond to ACTH or, that the 
areas where two day old transitional cells occur were less effectively 
vascularized than at four days. Static cells in animals irradiated on 
the second or the fourth day aft er implantation v-1ere not affected by 
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the stress of x- irradiation. This seemed to indicate that static cells 
were not responsive t o ACTH at any time . 
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